The objective of this study was to evaluate carcass yield, measurements, cuts, and fat deposition of sheep fed banana pseudostem hay and Tifton 85 grass hay, with or without virginiamycin. Thirty-three uncastrated male Dorper × Santa Ines crossbred lambs at five months of age, with an average body weight of 25.00 ± 1.95 kg, were used in a feedlot experiment. The following four diets were evaluated: Tifton 85 grass hay plus concentrate with virginiamycin, banana pseudostem hay replacing 60% of Tifton 85 grass hay plus concentrate with virginiamycin, Tifton 85 grass hay plus concentrate without virginiamycin, and banana pseudostem hay replacing 60% of Tifton 85 grass hay plus concentrate without virginiamycin. The experiment was set in a completely randomized design, in a factorial scheme, using orthogonal contrasts. The diet replacing 60% Tifton 85 grass hay by banana pseudostem hay without virginiamycin had no effect on carcass traits. The combination of virginiamycin and Tifton 85 grass hay provided increases in warm carcass weight, warm carcass yield, spine, omental and mesenteric fat deposition, and, regardless of roughage, increases in the thoracic perimeter.
Introduction
Sheep farming is an activity of considerable importance for the Brazilian livestock sector, given its great potential to supply meat products to the domestic market. This activity has grown significantly in the country the last decade, with a flock of 18,410,000 animals recorded in 2015. The northeast region of the country alone accounts for 60.6% of this figure (IBGE, 2015b) .
Feedlotting is a rearing method that enables animal sales for slaughter during the off-season. In addition, it allows animal breeders to adopt nutritional strategies that anticipate slaughter, keeping the quality of carcass in good conditions and greater weight gains (MACEDO et al., 1999 (MACEDO et al., , 2000 .
The use of crop residues can bring benefits to ruminant feeding by increasing animal production efficiency. Thanks to its constant and large production, the residues of banana crops (Musa sp.), which consist mainly of pseudostems, have become an alternative in animal nutrition (MANICA, 1997; MOREIRA, 1999) .
Brazil has 530,300 ha planted with banana trees, and the northeast region corresponds to 39.75% of this area (IBGE, 2015a) . According to Moreira (1999) , banana crops under conventional cultivation practices generate approximately 180 to 200 t ha -1 year -1 of crop residue, representing about 28 t of dry matter.
Feed additives in ruminant nutrition may improve animal weight gain as well as feed efficiency, as a result of changes in rumen fermentation. According to Rogers et al. (1995) , the use of virginiamycin in feedlot cattle diets improves carcass conversion by 7.8%, average daily gain by 11.1%, and feed conversion by 9.4%.
Studies on sheep carcasses are important since they allow comparisons among genetic types, breeds, weights, and feeding systems. Carcasses can be marketed as whole carcass or as cut-up carcass products, which adds value to this product. By the same token, to assess carcass overall quality, it is important to examine the quality of each constituent part thereof.
Given the above, the objective of this study was to evaluate performance traits, measurements, cuts, and fat deposition in carcasses of Dorper × Santa Ines crossbred sheep fed banana pseudostem hay with and without virginiamycin supplementation.
Material and Methods
The experiment was carried out in Itapetinga -BA, Brazil (15°15'12.48" S latitude and 40°15'19.78" W longitude), in June 2016. Research on animals was conducted according to the institutional committee on animal use (case no.116/2015).
Thirty-two uncastrated male Dorper × Santa
Ines crossbred (undefined genetic composition) lambs from random crossings, at approximately five months of age and 25.00 ± 1.95 kg average body weight, were used in the trial. The lambs were housed in individual pens (1.2 m × 1.0 m) with slatted floors, equipped with water and feed troughs.
In the pre-experimental period, the animals were respectively numbered with an ear tag and then treated against endo-and ectoparasites with administration of Monepantel at 0.1 mL kg -1 (Zolvix R , Elanco Animal Health, Division of Eli Lilly Australia Pty Ltd) and coccidiostat at 20 mg kg -1 (Isocox R , Ourofino Saúde Animal, SP, Brazil), and also against clostridiosis (Exell 10 R , Venco Saúde Animal, PR, Brazil).
The experiment lasted 99 days. The first 15 days were used for animal adaptation to the facilities and experimental diets, with a concentrated feed introduced gradually. The remaining 84 days were divided into four phases of 21 days for data collection. The animals were weighed on the first day and on the last day of each data collection phase; both the first and last weighing events occurred after a 16-hour solid feed deprivation period.
The four tested diets were formulated (Tables 1 and 2) as follows: total mixed ration (Tifton 85 grass hay and concentrate -TMR) with virginiamycin, banana pseudostem hay replacing 60% of TMR with virginiamycin addition, TMR without virginiamycin addition and banana pseudostem hay replacing 60% of TMR without virginiamycin addition. Lambs were randomly assigned to four treatments with eight replicates of one animal each. The product used as a source of virginiamycin was Eskalin ® , which has 98% calcium carbonate as its excipient and 2% virginiamycin. Dietary supply of virginiamycin was 17.4 mg kg -1 diet DM. The experimental diets were not isonitrogenous, being constituted with 40% roughage and 60% concentrate.
Before slaughter, deprived of solid feed for 16 h, the following measurements were determined: perimeter of the rump, total leg length, thoracic perimeter, rump width and fasting body weight (OSÓRIO et al., 1998) .
The lambs were slaughtered after 84 experimental days. The slaughter procedures followed the Regulation for Industrial and Sanitary Inspection of Products of Animal Origin (RIISPOA, 1997) . The animals were stunned by severing spinal cord in the atlantoccipital joint, using a pneumatic pistol, followed by bleeding through the jugular vein and carotid artery, the blood was collected and weighed, was followed by skinning and evisceration. Soon after slaughter, hot carcass weight was determined and used to estimate hot carcass yield. Afterward, the carcasses were taken to a cold room and chilled for 24 h at an average temperature of The carcass was weighed, measured internal carcass length and divided into the following anatomical cut-up parts: quarters, ribs, shoulder clods, neck, spine, perirenal fat, cavitary fat, omental fat, and mesenteric fat.
The left half-carcass was cross-sectioned between the 12 th and 13 th thoracic vertebra to expose the cross-section of the longissimus lumborum muscle. Still in the same muscle, the area corresponding to the cranial portion of loin was designed using a clear plastic film, thus establishing maximum width and depth for calculation of loin-eye area (LEA), as described by Cartaxo et al. (2011) . For that purpose, the following formula was used: LEA (cm 2 ) = (A/2 x B/2) π; wherein: A = width, and B = depth. Subcutaneous fat thickness was measured using a digital caliper at 11 cm from dorsolumbar line; this measure stands for the maximum fat thickness covering the 13 th rib surface (OSÓRIO et al., 1998) .
The experiment was set up as completely randomized design arranged in a 2 × 2 factorial scheme, using orthogonal contrasts. The results were evaluated at 5% significance level, using the GLM procedure of SAS (Statistical Analysis System, version 9.1.), following the statistical model given below:
Wherein: Ŷ ijk = observed measurement, μ = overall mean, A i = fixed effect of roughage, B j = fixed effect of virginiamycin, AB ij = effect of the interaction of factors, C k = random effect of lamb within treatment, and Ɛ ijk = effect of the residual error.
Results
Dietary inclusion of banana pseudostem hay, with and without virginiamycin, had no effect on the slaughter weight, cold carcass weight, and cold carcass yield (P>0.05). On the other hand, hot carcass weight and hot carcass yield changed (P<0.05) with the inclusion of banana pseudostem hay plus virginiamycin, but showed lower values in comparison to the diet with Tifton 85 grass hay, as the sole source of roughage, plus virginiamycin. However, no change (P>0.05) was observed between both diets when none of them were supplemented with virginiamycin (Table 3) . In terms of carcass measures, perimeter of the rump, total leg length, loin-eye area, rump width and internal carcass length, no significant changes (P>0.05). Thoracic perimeter measurements were higher (P<0.05) when virginiamycin was included, regardless of roughage type (Table 4 ).
The mean weights of quarters, ribs, shoulder clods, and neck showed no alteration (P>0.05). Conversely, spine weights were lower in animals fed diet with banana pseudostem hay and virginiamycin (P<0.05) than those of lambs fed a diet with Tifton grass hay and virginiamycin (Table 5 ).
The mean weights of mesenteric and omental fat depots were lower in carcasses of animals fed banana pseudostem hay with virginiamycin (P<0.05) if compared to those fed Tifton grass hay with virginiamycin. However, no weight changes were observed for the perirenal, cavity, and subcutaneous fats thickness (P>0.05) (Table 6 ). 
Discussion
Carcass traits revealed a discrete influence of treatments. Hot carcass weight and hot carcass yield were higher in the group of sheep receiving Tifton 85 grass hay with virginiamycin supply if compared with that fed banana pseudostem hay plus virginiamycin (23.1 kg and 50.97% vs. 20.94 kg and 47.04%, respectively).
In experiments with feedlot calves, no differences were found for hot carcass weight or hot carcass yield of animals supplemented with virginiamycin (MONTANO et al., 2015; LEMOS et al., 2016; NAVARRETE et al., 2017) . In a trial with feedlot sheep receiving 60: 40 concentrate: roughage ratio diets, treatments using banana pseudostem hay as roughage provided better results compared to those with Cynodon sp. for fasting weight, hot carcass yield, and cold carcass weight, in addition to an equal performance for hot and cold carcass yields (CARMO et al., 2016) . Yet, other authors found no differences for fasting weight, hot carcass weight, cold carcass weight, and carcass yield between sheep fed banana pseudostem and leaf hay and those fed Dichantium sp. hay (MARIE-MAGDELEINE et al., 2009 ).
Among the carcass measures (Table 4) , only thoracic perimeter showed differences in the orthogonal contrast one, averaging 76.69 and 74.59 cm for diets with and without virginiamycin, respectively. The results obtained in the present study are similar to those reported for the loineye area in feedlot calves supplemented with virginiamycin (SALINAS-CHAVIRA et al., 2009 NAVARRETE et al., 2017) . Carmo et al. (2016) observed no differences for thoracic perimeter, chest depth, rump width, internal carcass length, forelimb length, hindlimb length, subcutaneous fat thickness, or cooling loss rate in sheep receiving diets containing banana pseudostem hay and Cynodon sp. hay.
The results for subcutaneous fat thickness showed no differences in any of the contrasts used in this study. A minimum fat cover is desirable for meat preservation, as it reduces water loss and prevents shifts caused by cooling and freezing (Table 6 ).
The lack of statistical differences for loin-eye area reflected on carcasses showing a good degree of carcass finishing, averaging in 17.98 cm 2 among all treatments (Table 4) .
Changes in carcass cuts were only detected for spine, with means of 3,294 kg and 3,935 kg for animals fed diet with banana pseudostem hay and virginiamycin and, diet with Tifton grass hay and virginiamycin respectively ( Table 5 ). As opposed to that, no differences were found for other cuts such as ribs, shoulder clods, and neck. Likewise, in a study with Holstein calves, the authors observed no differences among the group receiving virginiamycin, the control group, and the group receiving monensin for boneless cuts as a percentage of carcass weight (SALINAS-CHAVIRA et al., 2009 . Also, in another study with feedlot sheep receiving Cynodon sp. hay or banana pseudostem hay as roughage sources, no changes were seen for carcass cuts such as the neck, shoulder clods, chest, and loin (CARMO et al., 2016) .
Conversely, omental and mesenteric fat depositions showed differences (Table 6) , with higher means for animals fed Tifton 85 grass hay with virginiamycin and for those receiving banana pseudostem hay plus virginiamycin. Nuñez et al. (2013) performed an experiment with feedlot Nellore calves and reported lower internal fat weights (perirenal, pericardial, and pelvic fats) and fat thickness for animals supplemented with virginiamycin plus salinomycin if compared to the group receiving only salinomycin. Meanwhile, the current study showed no significant differences in subcutaneous, perirenal, and cavity fats. In Holstein calves, no difference occurred for perirenal, pericardial, and pelvic fats as a percentage of carcass weight or subcutaneous fat thickness between the group receiving virginiamycin, the control group, and the group receiving monensin (SALINAS-CHAVIRA et al., 2009 . Navarrete et al. (2017) worked with Bos taurus taurus steers and found no difference between the group receiving virginiamycin and control group for subcutaneous, perirenal, pericardial, and pelvic fats. Our results corroborate those published by Carmo et al. (2016) , who observed a similarity in subcutaneous fat thickness between feedlot sheep receiving Cynodon sp. hay and banana pseudostem hay, as roughage sources. Some carcass traits of sheep fed Tifton 85 grass hay and virginiamycin had a better performance if compared to those of lambs receiving banana pseudostem hay plus virginiamycin (Tables 3, 5,  and 6 ). This result can be attributed to improved use of crude protein (CP) in the rumen and small intestine promoted by virginiamycin supply, in a situation of greater CP uptake (20.70% and 16.79%, respectively) ( Table 2 ). Another contributing factor was the amount of CP (20.1%) in Tifton 85 grass hay (Table 1) . In contrast five no difference was observed in itens evaluated (Tables 3, 4, and 5), comparing thes groups fed Tifton 85 grass hay and that fed banana pseudostem hay, both without virginiamycin addition, with 20.64 and 16.73% of CP, respectively) ( Table 2) .
Virginiamycin improves feed efficiency in the rumen and small intestine. In the rumen, it acts by reducing the population of Gram-positive proteolytic and amylolytic bacteria. As such, in a high-grain diet, it increases pH, reduces ammoniacal nitrogen, and cause no changes in the population of fibrolytic bacteria (GUO et al., 2010) . In feedlot Holstein calves, virginiamycin improved feed conversion (SALINAS-CHAVIRA et al., 2016) and increased the amount of dietary protein reaching the duodenum (MONTANO et al., 2015) .
Conclusions
No changes in sheep carcass traits were observed by replacing 60% Tifton 85 grass hay in the diet with banana pseudostem hay, without virginiamycin supply.
